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At Kernfysisch Versneller In  sti  tute, op  ti  cal prop  er  ties of injection trans  port beam
were stud  ied. Mea  sure  ments of beam size and emit  tance de  ter  mined by “vary  ing
quadrupole method” are com  pared with cal  cu  la  tions in  clud  ing fringe fields up to the
third or der with the COSY IN FIN ITY code. Cal cu la tions and mea sure ments qual i ta -
tively match; the cal cu la tions re flect the ob served large beam losses. On the ba sis of the 
cal cu la tions  new  set tings  have  been  de ter mined,  re sult ing  in  a  sig nif i cant  in crease  of
the trans  mis  sion. To achieve full trans  mis  sion a com  plete re  de  sign of the beam line is
needed, in par  tic  u  lar of the bend  ing mag  nets.
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INTRODUCTION
Low en  ergy beam line be  tween elec  tron-cy  clo  -
tron-res o nance  (ECR)  source  [1] and AGOR-cy  clo  -
tron is shown in fig. 1. The beam cur  rent of  3He+ion
just af  ter the an  a  lyz  ing mag  net M110 (see fig. 1) is
about 20 mA but af  ter the match  ing sec  tion (match  ing
sec  tion con  sists of five elec  tro  static quadrupoles; from
EQ8 to EQ12 in fig. 1) is only 2 mA. In or  der to im  -
prove the trans  mis  sion of the beam through in  jec  tion
beam line beam emit  tance should be known [2]. The
beam emit tance is mea sured at three dif fer ent po si tions
along the beam trans  port line and in both planes, hor  i  -
zon tal and ver ti cal, by vary ing the strength [3] of an up -
stream quadrupole [4, 5].  The  first  hor i zon tal/ver ti cal
pro  file grid (marked by let  ters HH1/HV1 in fig. 1) is
lo  cated 7.17/7.27 m down  stream from the ion source,
the sec  ond pro  file grid (HH2/HV2) is lo  cated
10.20/10.30 m and the third one (HH4/HV4) is lo  -
cated 15.40/15.41 m down stream from the ion source.
Op  ti  cal prop  er  ties of this trans  port beam line
are de ter mined by us ing COSY IN FIN ITY code [6] 
in the third or  der of ap  prox  i  ma  tion tak  ing into ac  -
count the ef  fects of the fringe fields also in the third
or der  of  ac cu racy.
Data from the pro  file grids are dig  i  tized, ac  -
quired and pro cessed by Con trol Sys tem. For each set -
ting of the strength of an up  stream quadrupole the
pro  file data are fit  ted into Gauss dis  tri  bu  tion [4, 5].
The es  ti  mated val  ues of emit  tance and its cor  re  -
spond ing  er ror  at  dif fer ent  pro file  grid  po si tions  along
the trans  port beam line are pre  sented in tab. 1. This is
con  sid  ered to be the case when half beam pro  file is
equal to 2.35sST, where sST is the stan  dard de  vi  a  tions
of  the  Gauss  dis tri bu tion.  Char ac ter is tics  of  the  3He+
beam are: ki netic en ergy, Tk = 8.33 keV/n, mag netic ri -
gid ity [3], Br = 0.0394 Tm, elec tro static ri gid ity [3], cE
= 0.05 MV. The length of each elec  tro  static
quadrupole is 12 cm and half of their ap er ture is 5 cm.
We can see from tab. 1 that emit  tance slightly
grows in the hor  i  zon  tal plane along the trans  port
beam line and in the case of the ver  ti  cal plane the
emit  tance sud  denly takes-off at the HV4 pro  file
grid po  si  tion. The cause of in  creas  ing beam emit  -
tance and  beam losses as the beam prop  a  gates
down stream  are  dis per sion  and  ab er ra tions  at  least
of the third or  der (see, for ex  am  ple, ref. [3], Sec  tion
5). The cause of very high value of beam emit  tance
at HV4 pro  file grid can be the strong ef  fects of
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fringe fields in the match ing sec tion. The fringe field
ef  fects are not taken into ac  count in emit  tance mea  -
sure  ment by vary  ing the strength of an up  stream
quadrupole [4, 5].
COSY  CAL CU LA TIONS
Pres ent  set tings  of  the  op ti cal  el e ments
Mea  sure  ments of the beam cur  rent and emit  -
tance along the beam line ex  hibit large beam losses
ob  served through the trans  port beam line. The
losses of the beam through the trans  port line can be
pre  sented by us  ing COSY IN  FIN  ITY too by cal  cu  -
lat  ing the beam en  ve  lope.
Op  ti  cal prop  er  ties of low en  ergy beam line at
the AGOR-fa  cil  ity are stud  ied for 3He+ beam. It is
con  sid  ered to be the case of ex = 30 p mm mrad and
ey = 40 p mm mrad  for beam emittances in the hor i -
zon tal and ver ti cal plane, re spec tively (see tab. 1) and 
0.5% mo  men  tum spread at half width [3, 7].
Beams from the ECR source are an  a  lyzed for
charge state by a M110 bend  ing mag net and trans  -
ported by a mag  netic quadrupole trip  let and an
elec  tro  static quadrupole EQ1 to a M90 bend  ing
mag  net (see fig. 1). Char  ac  ter  is  tics of M110 and
the M90 bend ing mag nets are shown in tab. 2. The
bend  ing mag  net M110 is dou  ble fo  cused with fo  -
cal length of about 53 cm. This dis  tance has been
cho  sen as ob  ject point for trans  port cal  cu  la  tions.
The  an a lyz ing  mag net  M110  can  sep a rate  ion
beams with mass-to-charge ra  tio dif  fer  ences of
1.2% or more [7]. If needed (for ex  am  ple for sep  a  -
ra tion  of  131Xe18+ and 132Xe18+) slit width af  ter
M110 mag  net should be de  creased. Beam line sec  -
tion from the slit to the en  trance of the M90 mag  -
net is de  signed to trans fer beam waist-to-waist and
waist-to-par al lel  in  the  hor i zon tal  and  the  ver ti cal
plane,  re spec tively.  The  elec tro static  quadrupole
EQ1 will match the beam phase space to the ac cep -
tance of the M90 mag  net. Af  ter the M90 mag  net
the next three elec  tro  static quadrupoles guide the
beam to the M50 bend  ing mag  net. This mag  net
bends the beam by 50 de  grees to the left and then
the beam is guided by the next three elec  tro  static
quadrupoles up to a M72 bend  ing mag  net which
bends it by 72 de  grees to the right. Char  ac  ter  is  tics
of the M50 and the M72 bend  ing mag  nets are pre  -
sented in tab. 2.
Af  ter the M72 mag net and af  ter a long drift
space (210 cm) co  mes the match  ing sec  tion
which con  sists of five elec  tro  static quadrupoles.
Af  ter the match  ing sec  tion the beam is bent up
by 90 de  grees by an elec  tro  static de  flec  tor into
the  cy clo tron.
Beam en  ve  lopes, cal  cu  lated by COSY IN  -
FIN  ITY code, are pre  sented in the fig. 2 (up-ver  ti  -
cal plane, low-hor  i  zon  tal plane). The ver  ti  cal lines
(marked by let ter H) in fig. 2 mark the po si tions of
the pro  file grids.
From fig. 2 (up  per part) we can see that the
beam is over fo  cused in the ver  ti  cal plane by the
M72 bend  ing mag  net. For those set  tings of the
quadrupoles (tab. 3 – old set  tings col  umn) the
Ta  ble 1. The es  ti  mated val  ues for emit  tance and its
cor re spond ing er ror at  dif fer ent  pro file grid  po si tions 
along trans  port beam line
     3He+                   Vex = 25 kV
Profile's grid
position
ex
[p mm mrad]
ey
[p mm mrad]
HH1 & HV1
HH2 & HV2
HH4 & HV4
28 ± 2
37 ± 1
52 ± 1
42 ± 5
54 ± 1
190 ± 10
Ta ble  2.  Char ac ter is tics  of  bend ing  mag nets  in stalled
at low en  ergy beam line at AGOR-facility
Char ac ter is tics  of  bend ing
mag nets M110 M90 M50 M72
Bending radius, r0  [cm] 40 24 29 24
Bending angle, a [degree] 110 90 50 72
Half aperture width,
a [cm] 3.5 3 3 3
Entrance pole face
angle, e1 [degree] 37 0 15.63 30
Exit pole face
angle, e2 [degree] 37 0 15.63 30
Entrance curvature,
h1 [1/cm] 0 0 0 0
Exit curvature, h2 [1/cm] 0 0 0 0
Fig  ure 1. Lay  out of low en  ergy beam line at the
AGOR-fa cil ityM72 bend  ing mag  net is the or  i  gin of low trans  mis  -
sion through low en  ergy beam line.
New  set tings  of  op ti cal  el e ments
On the ba  sis of the cal  cu  la  tions, new set  tings
have been de  ter  mined (tab. 3 – new set  tings col  -
umn). Be  fore the pre  sen  ta  tion of the re  sults of the
new set  tings we will turn our at  ten  tion to the
match  ing sec  tion. The match  ing sec  tion con  sists of
five elec  tro  static quadrupoles. Half of the ap  er  ture
and the length of each of them are 5 cm and 12 cm,
re  spec  tively. The dis  tance be  tween each of them is
only 8 cm. The con se quence of this ge om e try is that
fringe field ef  fects in this re  gion are very strong.
One of the ways to de crease the fringe field ef fects in 
the match  ing sec  tion is to re  move one of these elec  -
tro  static quadrupoles; EQ9, EQ10 or EQ11 (see
fig. 1). Now the match  ing sec  tion con  sists of four
elec  tro  static quadrupoles. The beam en  ve  lopes for
this case are pre  sented in fig. 3 (up – ver  ti  cal plane;
low – hor  i  zon  tal plane). The new set  tings of the
quadrupoles sig  nif  i  cantly in  crease the beam trans  -
mis  sion; the new mea  sured value for the beam cur  -
rent af ter match ing sec tion is now 6 mA. In ad di tion
to  ev ery thing  else  the  op ti mi za tion  of  op ti cal  el e -
ments of low en  ergy beam line de  creases the value
of  the  mo men tum  dis per sion.
  38 Nu clear  Tech nol ogy  &  Ra di a tion  Pro tec tion  –2/2004
Ta  ble 3. The values of the magnetic induction (in Tesla)
and electrode potentials (in kV) of the quadrupoles for
the old and the new set  tings. In case of the old set  tings
the last five quadrupoles make the match  ing sec  tion
(figs. 1 and 2). In the case of the new set  tings the
match  ing sec  tion con  sists now of the four quadrupoles
(fig. 3)
Mark of the
magnetic
quadrupole
(magnetic triplet)
Old settings of
the quadrupoles
[T]
New settings of
the quadrupoles
[T]
MQ1 0.0850 0.0850
MQ2 –0.0685 –0.0685
MQ3 0.870 0.0870
Mark of the
electrostatic
quadrupole
Old settings of
the quadrupoles
[kV]
New settings of
the quadrupoles
[kV]
EQ1 –0.150 –0.150
EQ2 –0.232 –0.232
EQ3 +0.214 +0.214
EQ4 –0.322 –0.370
EQ5 –0.303 –0.400
EQ6 +0.374 +0.374
EQ7 –0.300 –0.180
EQ8 –0.388 –0.700
EQ9 +1.138 +0.500
EQ10 –1.182 ---------
EQ11 +0.466 –0.466
Fig ure 2. En ve lopes of the beam for 
the old set  tings of quadrupoles cal  -
cu  lated by COSY IN  FIN  ITY code
in the hor  i  zon  tal (low) and the ver  -
ti  cal (up) plane. Ver  ti  cal lines
marked by let  ter H mark the po  si  -
tions of the pro  file grids
Fig  ure 3. En  ve  lopes of the beam for
the new set  tings of quadrupoles cal  -
cu  lated by COSY IN  FIN  ITY code in
the hor  i  zon  tal (low) and the ver  ti  cal
(up) plane. Ver  ti  cal lines marked by
let  ter H mark the po  si  tions of the
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CON CLU SION
Mea  sure  ments of beam pro  files and pre  dic  -
tion of beam emit  tance at dif  fer  ent po  si  tions along
the trans port beam line and cal cu la tions of beam en -
ve  lopes by us  ing COSY IN  FIN  ITY code in the
third or  der of ap  prox  i  ma  tion to  gether with the ef  -
fects of the fringe fields of op  ti  cal el  e  ments in the
third or  der of ac  cu  racy show that, in case of low en  -
ergy beam line at AGOR-fa  cil  ity,  beam trans  mis  -
sion can be in  creased by new set  tings of the
quadrupoles. To achieve full trans  mis  sion, com  -
plete re  de  sign of the beam line, in par  tic  u  lar of the
bend  ing mag  nets, is needed.
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Dragan TOPREK, Ivo FORMANOJ, Sice BRANDENBURG
STA  TUS  INJEKCIONE  TRANSPORTNE  LINIJE  SNOPA
U  INSTITUTU ZA NUKLEARNA ISTRA@IVAWA U GRONINGENU
U ovom radu su ispitivana opti~ka svojstva injekcione transportne linije snopa u
Institutu za nuklearna istra`ivawa u Groningenu. Rezultati merewa profila snopa i wegove
emitanse, ~ija je vrednost procewena metodom promene potencijala na elektrodama kvadrupola,
upore|eni su sa prora~unima koja su ura|ena programom COSY  IN FIN ITY ukqu~uju}i i efekte
krajeva sve do tre}eg reda aproksimacija. Prora~uni i merewa se kvalitativno sla`u da postoji
veliki gubitak intenziteta snopa. Na osnovu rezultata teorijskih prora~una nov skup vrednosti
karakteristika opti~kih elemenata snopa je predlo`en, a rezultat toga je zna~ajno pove}awe
transmisije snopa. Da bi se postigla potpuna transmisija snopa potrebno je izvr{iti kompletan
redizajn transportne linije, a naro~ito obratiti pa`wu na skretne magnete u woj.